A key role of photosynthesis as a regulator of global carbon cycle dynamics is considered. According to the suggested model, global natural carbon cycle is regarded as a transition of carbon from the oxidative state, presented by carbon dioxide, bicarbonate, and carbonate species, into the reduced state, presented by different biogenic forms, produced in photosynthesis and in the following transformations. Photosynthesis provides a conversion of oxidative forms into reductive ones. The reverse transition is realized via respiration of living organisms, via microbial and chemical oxidations, accompanying transformations of "living" matter after burial. Among them the oxidation of the buried organic carbon by means of thermochemical sulfate reduction in the subduction zone, where lithospheric plates collide, is most important. Photosynthesis is under the impact of the Earth crust processes. In particular, the lithospheric plates' movement exerts the impact on photosynthesis development via periodic injections of CO 2 into "atmosphere-hydrosphere" system during the plates' collisions. The irregular lithospheric plates' movement generates orogenic cycles which consist of short-term orogenic period of active volcanism, magmatism, and mountain building and a long-term geosynclynal period of low volcanic activity and quiet development of Earth crust processes. The pulsating movement of plates affects the dynamics and development of photosynthesis, which in turn determines the periodicity of numerous processes in the nature, including climatic cycles, changes in the rate of biodiversity, irregular accumulation of organic matter in sediments, uneven stratigraphic oil distribution, sea level changes, etc. The redox carbon cycle is a selforganizing system due to negative feedback between CO 2 assimilation and photorespiration of global photosynthesis in response to oxygen growth. It made carbon cycle to shift to ecological compensation point. In this point, the system becomes sensitive to separate plates' collisions that results in short-term climatic oscillations.
Introduction
Here we concentrate one's attention on the unusual role of photosynthesis as а regulator of global carbon cycle dynamics. It stems from a new model of global natural carbon cycle which, despite the popular point of view, regards carbon turnover not only as a simple transfer of the element between different geospheres and biospheres but also as a transition of carbon from the oxidative state, presented by carbon dioxide, bicarbonate, and carbonate species, into the reduced state, presented by different biogenic forms, produced in photosynthesis and in subsequent transformations. That is why we named natural carbon turnover like a redox cycle of biospheric carbon. It has two branches -oxidative and reductive ( Figure 1 ). The transition from oxidative species into reductive ones occurs by means of photosynthesis. The reverse transition is realized via respiration of living organisms, via microbial and chemical oxidations, accompanying transformations of "living" matter after burial. Among them, there is an oxidation of the buried organic carbon by means of thermochemical sulfate reduction occurring in the subduction zone, where lithospheric plates collide. This process is a dominant contributor to the oxidative branch of cycle. As early as 1926, a famous Russian geochemist V.I. Vernadsky put forward an idea on the interaction of biospheric and Earth crust processes [1] . This interpretation is as follows: photosynthesis developed under the impact of lithospheric plates' movement. The impact of lithospheric plates' movement on photosynthesis is transmitted via injections of CO 2 arising in plate collisions with the participation of continental plates. In the course of these collisions under high temperatures arising in subduction zones, thermochemical sulfate reduction occurs resulting in the oxidation of sedimentary organic carbon. In the suggested scheme, the lithospheric plates' movement is an experimentally established fact, but the reason causing the movement is still arbitrary. A widespread hypothesis is that the movement results from magma convective motion which makes plates, covering magma surface, to move.
The carbon cycle spans different geospheres: atmosphere, hydrosphere, upper part of lithosphere, and biosphere. Prior to the origin of photosynthesis, the atmosphere was anoxic [2, 3] , and the reduced carbon was mainly methane formed by archaebacteria [4] . The redox carbon cycle changed in parallel with the expansion of photosynthesis destroying most of the methane in the atmosphere. As photosynthesis expanded, oxygen concentration in the atmosphere reached such a high level, at which its concentration stabilized. At this point, the oscillatory regime was established, and the perturbations of carbon cycle in the form of short-term (tens of thousands years) "cooling-warming" transitions have appeared, expressed as the glacialinterglacial oscillations. Carbon cycle characteristics became sensitive to separate plates' collisions and to other factors.
In this study, the author uses the previously proven claim that photosynthesis is accompanied by two photosynthetic carbon isotope effects in CO 2 assimilation and in photorespiration having opposite signs [5] . It gave him the opportunity, basing on the actualism principle, to use the differences in carbon isotope composition of sedimentary organic matter and that of coeval carbonates, as a delicate tool to investigate 13 C isotope discrimination in the past. It was used, in turn, to trace the climatic changes, the changes in the rate of biodiversity, to explain irregular accumulation of organic matter in sediments, uneven stratigraphic oil distribution, and many other phenomena.
Two geological concepts supporting natural redox carbon cycle hypothesis. The suggested mechanism of the cycle functioning
Two known geological concepts form the basis for the natural redox carbon cycle hypothesis. They are plate tectonics and orogenic cycles. The plate tectonics concept [6] [7] [8] , or mobilism theory, asserts that the lithospheric plates, covering the entire Earth's surface, are in permanent motion. The motion is believed to occur due to convection of magma in the asthenosphere. Some researchers think that magma convection is a result of the impact of celestial bodies with the Earth's motion around the Sun [9] . Though the plate motion is an experimental fact, the real reason for the motion is still arbitrary. The motion is similar to the movement of an escalator. In some places of the Earth, in the zone of the mid-Atlantic ridge, where the crust is most subtle, magma erupts onto the surface and, coming into the contact with ocean water, hardens to form a new plate. It pushes other plates, causing their movement. In other places of the Earth (Wadati-Benioff-Zavaritsky zone) the plates, moving toward each other, collide. One of them, bending and moving down under the other, is absorbed by magma. The area where the collisions occur is called the subduction zone.
The orogenic cycle's concept was developed, in particular, by Rutten [2] . He studied the spatiotemporal distribution of sedimentary strata and concluded that the intensity of geological processes on the Earth over its geological history was unequal. There were relatively short periods, named orogenic periods, and the subsequent relatively extended periods of quiet development of the crust, named geosynclynal periods. The geosynclynal and the orogenic periods both constitute the orogenic cycle. According to Rutten's estimate, the duration of orogenic periods is about 50 million years, while that of geosynclynal periods amounts to several hundreds of millions years (up to 500 million years).
Orogenic periods are characterized by intensive mountain buildup and active volcanism, accompanied by volcanic eruptions and the entry of large masses of igneous rocks onto the Earth's surface. Geosynclynal periods correspond to the time of quiet Earth crust development and slow volcanic activity. It is the time for the accumulation of sediments and photosynthesis.
I took from Rutten his idea on orogenic cycle, and from the plate tectonic concept, I adopted the idea about plates' movement and plates' collisions. Combining both ideas and assuming that plates' movement was uneven, I have developed the following model.
In orogenic periods of the cycle, plates move rapidly and their collisions are frequent. Great quantities of volatile products, including CO 2 and H 2 S, go onto the Earth surface from the subduction zone. In geosynclynal periods, the plates move slowly and the collisions are rare. Photosynthesis and weathering become the dominant processes. The collisions with the participation of the continental plates, bearing the sedimentary rocks with carbon in the form of carbonates and organic matter, are most interesting from the point of view of the natural redox carbon cycle.
During its life span, a continental plate accumulates sedimentary rocks with the buried organic matter and carbonates. When a plate descends and reaches the subduction zone, the rocks under high temperatures and great pressures are destroyed, but before they are absorbed by magma, the following reactions occur: MeCO SiO MeSiO CO MeCO MeO CO
"Me" designates Ca
2+
or Mg
cations.
These transformations do not change the redox state of carbon, and carbon transfer can be considered as a constant increment of the oxidative pool which does not affect carbon turnover.
The burial of organic matter and its transformation represent a different case. In thermochemical sulfate reduction, the organic matter reacts with evaporated sulfates according to the equation:
The resultant CO 2 , together with sulfides, is transferred from the subduction zones onto the Earth surface. This final step of oxidation completes the transfer of the reduced carbon into the oxidative forms. The above processes occur in the orogenic period.
On the Earth surface, due to chemical exchange reactions and in accordance with thermodynamics laws, CO 2 is redistributed in the atmosphere and hydrosphere, composing the common "carbon dioxide-bicarbonate-carbonate" system:
This system is close to equilibrium since the rate of chemical exchange is much greater than the rate of geological processes. The observed differences in carbon isotope composition of the atmospheric CO 2 (δ Under the action of sunlight, photosynthesizing organisms absorb CO 2 and water and convert the oxidized forms of carbon into the reduced ones, producing "living matter." After the conversion of the buried "living matter" into the sedimentary organic matter, the latter undergoes oxidation. Then all the processes repeat. This sequence of transformations forms a close loop.
All the above are depicted in Figure 2 . In orogenic periods, shown as filled triangles, CO 2 concentration in the system should increase abruptly because of frequent collisions of lithospheric plates when sedimentary rock masses fall in subduction zone and are destroyed with CO 2 evolution. The entry of CO 2 into the "atmosphere-hydrosphere" system leads to considerable growth of all oxidized carbon species in the system. Photosynthesis is stimulated by high СО 2 concentrations achievable in the orogenic period. At the same time, the atmospheric O 2 concentration decreases since it is utilized in the oxidation of the reduced igneous rocks and reduced sulfur species, lifting from the subduction zones onto the Earth surface.
In the following relatively extended geosynclynal period, the rate of photosynthetic consumption of CO 2 becomes greater than its emission from the subduction zones. It results in the depletion of the oxidative pool of carbon in the "atmosphere-hydrosphere" system. Onthe contrary the O 2 concentration, due to photosynthesis, increases, achieving maximum concentration by the end of the geosynclynal period. The curve describing organic matter accumulation in sedimentary rocks in accordance with the global photosynthesis reaction
coincides with the curve of O 2 concentration, since the burial rate of organic matter changes in parallel with the growth of atmospheric oxygen concentration. Note that the atmospheric CO 2 appears as a substrate, while the oxygen and the assimilated organic matter (CH 2 O in this approximation) are the products of the global photosynthesis reaction.
Thus the model claims the periodic filling/depletion of "atmosphere-hydrosphere" system with CO 2 and counter-phase parallel changes of O 2 . Accordingly, the periodic strengthening of CO 2 assimilation and weakening of photorespiration should take place. In parallel with atmospheric O 2 concentration changes, the accumulation of organic matter occurs in sedi-ments, since they are both the products of global photosynthesis. It means the periodic intensification of organic matter accumulation in sediments should take place.
Some important notes concerning carbon isotope fractionation in photosynthesis based on recent findings [5, 14] should be taken into account. The periodic depletion of carbon oxidative pool result in the appearance of carbon isotope Raleigh effect which affect the carbon isotope composition of sedimentary carbonates and organic matter displaying gradual 13 C enrichment with the extent of depletion. It allows examining orogenic cycles by means of the analysis of isotope composition of carbonate and organic carbon.
Following the actualism principle, one can take organic carbon as analog of "living" matter in the past, and coeval carbonates as analog of CO 2 , corresponding to that time. Then the isotopic difference between organic matter and carbonates should be regarded as analog of 13 C carbon isotope discrimination in modern plants. We denoted the above isotopic differences, after Popp et al. [15] and Hayes et al. [16] as ε parameter. If so, in the orogenic period and at the beginning of the geosynclynal period when the CO 2 concentration as well as the CO 2 /O 2 concentration ratio in the environment are maximal, the 12 C enrichment of the organic carbon and ε parameter should be maximal too.
By the end of geosynclynal period, when the CO 2 and CO 2 /O 2 concentration ratios are the lowest (photorespiration is maximal), the buried organic carbon should be the most enriched in 13 C (additional to Raleigh effect). Accordingly, the isotopic difference between organic matter and coeval carbonates should be minimal ( Figure 3 ).
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Geosynclynal period GEOLOGIC TIME Figure 3 . The scheme of putative changes of carbon isotope discrimination in photosynthesis ε in the course of geological time; ε is equal to carbon isotope difference between carbon isotope composition of sedimentary carbonates and coeval organic matter. The isotope discrimination decreases steadily with each subsequent cycle.
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The validity of the assertion can be seen from the measurements of the buried organic and coeval carbonates of different age [16] . They revealed noticeable differences in ε parameter. In the Neoproterozoic era, from 1000 Ma to 541 Ma, the isotope discrimination was found to be greater than 32 ‰. In the period from Cambrian to Jurassic, ε changed to 28‰, and then in the period from Cretaceous to Late Cenozoic it was less than 28‰. They also noticed the successive growth of atmospheric O 2 concentration from the Neoproterozoic to Late Cenozoic.
Thus the isotope technique provides an immensely effective and delicate tool for the orogenic cycle studies. This claim is supported by the fact that isotope ratios of organic carbon and coeval carbonates are the main and widely used factual materials in common geological studies.
Isotope data support the idea on organic carbon oxidation in subduction zone during orogenic period
The oxidation of organic carbon in subduction zone coupled with sulfate reduction during orogenic period is one of the critical points of the model that requires proof. According to [17] , the natural sulfur cycle, like the carbon cycle, consists of the oxidative (sulfate) and reductive (sulfide) branches. To substantiate the above assertion, let us address the data from the work of Mackenzie and Piggot [17] . Temporal curves in Figure 4 demonstrate synchronous isotopic variations of carbon and sulfur of marine carbonates and gypsum (sulfates) in time. Such synchronism prompts itself that both cycles are somehow bound. Each curve has two differently directed humps. Next to them there are inscriptions, made by authors, to indicate minerals of sedimentary rocks that were mostly spread at the corresponding periods. Carbonates and pyrites correspond to the humps in lower parts of the curves. Organic matter and gypsum correspond to the humps in the upper part of the curves.
If we compare the above substances with the substrates and the products of sulfate reduction, it is easy to see that the substances corresponding to the lower humps on the curves coincide with the reaction products, and the substances corresponding to the upper humps on the curves coincide with the reaction substrates. The analysis of the isotopic changes of carbon and sulfur proves that the coincidence is not accidental.
By analyzing the dynamics of carbon and sulfur isotopic variations resulting from the curves on Figure 4 , we should first note that the thermochemical sulfate reduction is followed by sulfur isotope fractionation [18, 19] . Then, due to the periodic character of the reaction, the substrate is depleted. The depletion is followed by Raleigh effect. The more the reaction proceeds and the more the substrate pool is depleted, the greater the residual substrate (gypsum) is enriched with a "heavy" sulfur isotope 34 S. As it follows from the analysis of the lower part of the curves, the enrichment of gypsum with 34 S is accompanied with the enrichment of carbonates with a "light" carbon isotope 12 C. Both traits evidence in favor of high extent of sulfate conversion. Indeed, in the case of high extent of sulfate conversion, another reaction product CO 2 should also be produced in a considerable amount. Thus the CO 2 inherits "light" carbon isotope composition from organic matter. Hence, when "light" CO 2 enters marine "carbon dioxide-carbonate" system with carbon enriched in 13 C, it makes carbon in the system "lighter" due to chemical isotope exchange.
A quite opposite scenario can be deduced from the analysis of the upper parts of the curves. The 32 S enrichment of gypsum evidences that the extent of sulfate conversion is low. Hence small amounts of "light" CO 2 are produced, and marine carbonates become "heavier" as compared with the previous case. Thus, the coupled isotopic changes of carbon and sulfur of marine carbonates and gypsum, in addition to chemical arguments, give firm proofs that they represent the results of sulfate reduction process occurring in the subduction zones.
An indirect argument in favor of sulfate reduction in subduction zone was the great abundance of sulfide-oxidizing bacteria in the Precambrian. It evidences for significant inflow of the reduced sulfur forms (sulfides and hydrogen sulfide) onto the Earth surface. This was favored by low oxygen concentration in the Earth's atmosphere at that time. The sulfide-oxidizing bacteria were so widely disseminated that gave grounds for Hayes et al. [16] to conclude that these bacteria were the main source of organic matter in rocks in the Proterozoic.
Thus, the coupled isotopic changes of carbon and sulfur of marine carbonates and gypsum, in addition to chemical and paleontological arguments, give firm proofs that they represent the results of sulfate reduction process occurring in the subduction zones.
The effect of redox carbon cycle on the climate in the past
The role of CO 2 in climate formation is a well-known fact. It is the main component of "greenhouse" gases [20] . The periodic filling of the "atmosphere-hydrosphere" system with CO 2 in orogenic time and the following depletion of CO 2 due to photosynthetic assimilation in geosynclynal period provide alternating warming-cooling change. It is even possible to use the relation between CO 2 concentrations and Earth temperature for the determination of paleotemperatures [21] , although the validity of this correlation is limited due to the contribution of other greenhouse gases.
Following the logic of this model, the existence of climatic cycles is a result of the orogenic cycles. The beginning of the orogenic cycle may be considered as the warmest time of the cycle and the end as the coldest one. The latter is often accompanied with glaciations.
The mentioned ε parameter may be used as the indicator of orogenic and climatic cycles. At the beginning of the orogenic cycle, when CO 2 /O 2 ratio is maximal and the contribution of photorespiration is low, ε parameter is also at its maximum and corresponds to the warming period. Conversely, at the end of the cycle, when CO 2 /O 2 ratio is minimal and photorespiration increases, ε parameter reaches its minimum and corresponds to the cooling period.
Popp et al. [15] found a coherence of ε values and climatic cycles in the Cenozoic. Hayes and others [16] , having examined carbon isotope composition for more than 5000 samples of coeval carbonates and sedimentary organic matter spanning the Precambrian and Phanerozoic, found statistically significant differences in ε values in interglacial periods and those in periods of glaciations. The results were supported by other researchers [22, 23] .
The impact of redox carbon cycle on the rate of biodiversity
It is a known fact in geological history that in the past there were "explosions" of life and mass extinctions of living organisms. In some works, a periodicity in a rate of change of biodiversity (a rate of appearance of the new fauna and flora species per geological unit) in time was revealed [24] . Following the redox carbon cycle model, these facts can be reasonably explained. It was supposed that periodicity is caused by the increase of oxygen concentration in the Phanerozoic atmosphere [25] . The assumption was supported by a close coherence of the curves illustrating the time dependence of a rate of change of biodiversity and other parameters, strongly related with oxygen concentrations. The peaks of all curves fully coincided and corresponded to oxygen maximum (see Figure 7 from [25] )
The physical sense of this link is quite clear. The elevated O 2 concentrations in the atmosphere stimulate (photo)respiration in photosynthesizing organisms, which is followed by superoxide radical formation. They attack gene molecules causing mutations. Though in a cell there are some enzymes, which destroy radicals reducing them to H 2 O and O 2 , at the time of oxygen growth, the enzymes fail to cope with the abundance of radicals and to diminish their amount to the safe level. As a result, mutations appear and the rate of change of biodiversity increases.
Rothman [26] found a good correlation of ε parameter and the rate of change of biodiversity for land plant families as well as for marine animals. His results prove the relation of orogenic cycles and biodiversity rate.
The observed periodicity of mass extinctions of plant and animal species on the Earth has a close agreement with the previous correlation. These events are also linked with a change of CO 2 /O 2 ratio in the atmosphere over time [27] . According to the model, the abrupt change of CO 2 /O 2 ratio in the atmosphere occurring in orogenic cycles' transitions should lead to the extinction events, because they are followed by the change of aerobic conditions to anoxic ones causing a mass extinction of aerobic organisms.
Irregular periodicity in organic carbon accumulation in sediments is the reason for uneven stratigraphic distribution of sediments rich in organic matter and oils
It stems from the model's logic that there should be uneven rate of organic matter accumulation in sediments as a result of CO 2 variations in the course of orogenic cycles. In the orogenic periods of the repeated cycles, the "atmosphere-hydrosphere" system of the Earth is filled with CO 2 , coming from the subduction zone. In the subsequent geosynclynal periods, due to a dominant role of photosynthesis, the system is gradually depleted in the oxidized carbon species. It means that the photosynthesis rate is maximal at the beginning of the cycle and reaches its minimum by the end. The opposite scenario could be expected for organic matter accumulation in sediments. The maximum of organic matter accumulation should take place by the end of the cycle, when most of the CO 2 , that entered the "atmosphere-hydrosphere" system in the orogenic period, after some transformation is converted into organic matter. As a result, the uneven stratigraphic distribution of sediments rich in organic matter appears. The other consequence of the uneven stratigraphic distribution is the irregular distribution of the oils generated by these sediments.
Though the kinetics of global photosynthesis and organic matter accumulation is unknown, we assumed that the mentioned kinetics is described by the simplest first-order equation. It In fact, Bazhenova and Sokolov [28] , examining the stratigraphic distribution of Domanic oil source rocks, revealed that these sediments rich in organic matter were present in different continents at the same stratigraphic levels. They are found practically in all systems of the Phanerozoic and of the Precambrian. The stratigraphic levels, where domanicoids were fixed, are Ediacaran-Cambrian, Devonian−Carboniferous, and Late Jurassic-Early Cretaceous. Such nonuniform stratigraphic distribution can be explained in the frames of the natural redox carbon cycle dynamics.
The formation of sediments rich in organic matter is likely bound to the transitions from one cycle to another when there was a change of aerobic conditions to anoxic causing mass [28] marked that periods of organic matter accumulation were followed by rifting process which in accordance with our model corresponds to the orogenic period, occurring behind the cooling time.
It is natural to consider that Domanic oil source rocks as well as other rocks rich in organic matter ("black" shales) are oil kitchen. Therefore, the periods of oil source rock -formation should be related to oil generation, and one could expect that the oil field discoveries are mostly related with this time with high probability. This assertion is supported by the available data. Figure 6 illustrates the stratigraphic distribution of the discovered oil fields in the world [30] and the distribution of oil fields in the former USSR [31] . The latter is presented as a ratio of number of oil fields for a given period to the total number of oil fields [ Figure 6b ]. As it can be seen, in both cases the distributions are very similar and irregular. Though the comparison is not very strict, Figure 6b , unlike Figure 6a , does not take into account the sizes of oil fields, nevertheless the comparison is still reasonable. The peaks in both distributions correspond to each other; the number of the peaks is the same. According to both distributions, the beginning of oil generation falls in time limits from 600 to 500 million years ago. This is in agreement with the considerable growth of oxygen concentration in the atmosphere. As it was noted, oxygen concentration is an indicator of organic matter accumulation in sediments. According to some data [32, 33] , one can accept that in most of the Precambrian, oxygen concentration was less than 1%, and only by the end of the Precambrian it started to increase significantly [34] . It is logical to assume that photosynthesis needs a prolonged time to accumulate the amount of organic matter in sediments sufficient to produce hydrocarbons capable to form oil fields. One can follow it by tracing the O 2 concentration in the atmosphere. 
7.
C enrichment of oils reflects O 2 growth in the atmosphere and display four orogenic cycles from the Cryogenian period of Neoproterozoic era to the Miocene epoch of Cenozoic era
Having examined the extensive collection of oils (504 oil samples) differing in age and origin, Andrusevich et al. [35, 36] established that in the course of geological time, the oils and their components have been consistently enriched in 13 C (Figure 7 ). Model's logic allows concluding that the most likely reason for this enrichment is the intensified photorespiration of photo-synthesizing organisms as a result of the increase of average oxygen concentration in the atmosphere. One should take into account that, despite of variations, in the course of geological time; an average atmospheric oxygen concentration steadily grew up. The 13 C enrichment of oils reflects that at least four orogenic cycles took place, accompanied by an increase in average oxygen concentration in the atmosphere. Oils inherit the enrichment from organic matter. The existence of four orogenic cycles in Phanerozoic agrees with the other proofs (see the previous section), evidencing for four waves of oil generation in the Phanerozoic. One more interesting observation indicating the validity of the model stems from the analysis of the above data. Since Jurassic, a scatter in carbon isotopic composition of oils has increased essentially. The variety of land photosynthesis conditions resulted in a wide spectra of δ 13 C values.
Ecological compensation point
Global natural redox carbon cycle is a developing and self-organizing system. This feature is provided due to photosynthesis which is an essential part of the cycle. Its origin occurred in anoxic atmosphere. The photosynthesis evolution was followed by atmospheric oxygen growth. The literature data, given below, illustrate oxygen growth in the atmosphere over geological time. Atmospheric O 2 concentration prior to photosynthesis was determined by water dissociation under ultraviolet action and was equal to one thousandth part of the present oxygen level (Urey level). With the emergence of photosynthesis, the average oxygen concentration in the atmosphere began to increase from cycle to cycle.
The Early Archean oxygen concentration was up to 0.02−0.08% (Urey's level) (Rutten, 1971) [2] . From the Late Archean (3.0-2.7 Ga) to Middle Proterozoic (2.2-2.0 Ga) oxygen concentration reached 0.21% (Pasteur's level) [2, 32, 33] . In the Neoproterozoic (Tonian-CryogenianEdiacaran, 1000−550 Ma), oxygen concentration was estimated to be up to 5 %, reaching 8% in the end of Ediacaran [34] . In the Early Paleozoic (Cambrian, 541-485 Ma), according to different estimates, oxygen concentration was 12-13% [29, 37, 38] . In the Middle Paleozoic (OrdovicianSilurian, 485-420 Ma), oxygen concentration has been 13-15% [39] . In the Late Paleozoic (Carboniferous-Early Permian, 350-280 Ma), oxygen concentration reached about 30−35% [37, 38] . In the Early Mesozoic (Triassic) (250-200 Ma), oxygen concentration has reduced down to 15-17% [39, 40] . In the Miocene epoch of Neogene , oxygen content again increased to 25% level [41] .
The oxygen growth is explained by photosynthesis expansion. In parallel, another product of global photosynthesis, "the living matter," transforming into "buried organic matter," was accumulated in sedimentary rocks. How long could it last? As free oxygen accumulated in the atmosphere, photosynthesizing organisms have acquired photorespiration which was in reciprocal relations with CO 2 uptake [42] . As known, carbon dioxide uptake increases biomass production, whereas photorespiration reduces it. As a result, photorespiration decreased the expansion of photosynthesis and brought down the accumulation of buried organic matter. Despite the absolute growth of buried organic matter in sediments, its relative input became lesser with each new orogenic cycle. The contribution of the above processes to metabolism depends on the СО 2 /О 2 ratio in the environment. The latter ratio steadily grew down in the course of orogenic cycles. Thus photosynthesis performed a regulatory role in carbon cycle.
For individual photosynthesizing organisms of C 3 -type, which were the first representatives of photosynthesizing life on the Earth, a term "compensation point" is applicable. It is a metabolic state of the organism at a particular concentration ratio of СО 2 and О 2 when CO 2 uptake becomes equal to CO 2 release. Below this point, the rate of photorespiration (together with respiration) exceeds the rate of photoassimilation, and the physiological existence of organisms becomes impossible. As СО 2 and О 2 are mutually related, the compensation point may be determined via consideration of either СО 2 or О 2 concentrations [43] .
It was shown that the plants placed in a closed chamber due to reverse links (reciprocal relations) between main photosynthetic processes, CO 2 assimilation and photorespiration, make the CO 2 /O 2 ratio in chamber atmosphere stable [43, 44] . Considering these results, Tolbert et al. [43] assumed that the same feedback mechanism acts in nature and is responsible for the achievement of stationary СО 2 and О 2 concentrations in the atmosphere. They introduced the term "ecological compensation point." The above processes are the driving forces in achieving the ecological compensation point. The numerous oxidation processes of the reductive branch, due to O 2 consumption and CO 2 evolution, play a regulatory role via common reaction intermediates, defining the real position (concentrations) of the ecological compensation point. In this position, the full conversion of the reduced carbon into the oxidized forms and back occurs. The total interaction of CO 2 assimilation and photorespiration provides the excess of reductive carbon over oxidative in period from photosynthesis origin up to the moment of achieving the ecological compensation point. The excess of the reduced carbon was accumu-lated in deposits in the form of buried organic matter. The corresponding amount of oxygen was accumulated in the atmosphere.
The glacial-interglacial oscillations of CO 2 have emerged as a consequence of proximity of the system to the ecological compensation point [22,45−48] . This possibly happened in the end of Carboniferous when the great expansion of photosynthesis took place and covered the land [49] . The ecological compensation point was most likely achieved in the Neogene (Miocene). At this time, after some decline, there was a burst of atmospheric oxygen to the maximum level associated with global cooling. Right after cooling in the Miocene, there was considerable warming in the Pliocene period [50−52] . The warming was followed by mass extinction of organisms, and by the formation of sediments rich in organic matter. These sequences of climatic changes are characteristic of transitions from one orogenic cycle to another.
After achieving the ecological compensation point, global carbon cycle became very sensitive to separate plates' collisions, what is in agreement with short-term glacial-interglacial oscillations of CO 2 . It allows assuming that long-term orogenic cycles and short-term oscillations have the same physical nature.
The most important conclusion from the existence of the ecological compensation point is the following. After the achievement of ecological compensation point, the system of global carbon cycle gets its stationary level. No additional accumulation of buried organic carbon occurs. It means no additional oil generation takes place, and hence the amount of oil in the Earth crust becomes stable and limited. Hence it should be concluded if the rate of oil production is greater than the rate of generation, oil resources should be exhausted with time.
Conclusions
New redox carbon cycle model is suggested. It claims a dominant role of photosynthesis in the mechanism of cycle functioning. According to the model, carbon transfer between geospheres and biosphere is accompanied by the changes in the redox state of carbon. Photosynthesis provides the transfer of carbon from the oxidative to the reduced state. The reverse transfer takes place in numerous processes of oxidation, including the respiration of living organisms and the processes of direct and indirect oxidation of buried organic matter. The final powerful oxidation of organic matter occurs in sulfate reduction proceeding in the subduction zones (plates' collisions zone).
Photosynthesis connects the Earth crust and biosphere processes. This link is realized by means of CO 2 pulses appearing in lithospheric plates' collisions when they move. The source of CO 2 is the oxidation of the buried organic matter in sulfate reduction in subduction zone. The last reaction is the coupling point of natural carbon and sulfur cycles.
Lithospheric plates' movement has two phases. In the short-term orogenic phase, the CO 2 coming from subduction zone fills the "atmosphere-hydrosphere" system, causing climate warming. In the long-term geosynclynal phase, weathering and photosynthesis become dominant processes, depleting the oxidative forms of carbon followed by glaciations. By this way, photosynthesis transmits the impact of Earth crust processes on biosphere. The irregular periodicity exerts an impact on climate, biodiversity, distribution of organic matter in sedimentary deposits, etc.
Thus due to the unique combination of CO 2 assimilation and photorespiration, which are in reciprocal relations, photosynthesis plays a key regulatory role in the carbon cycle. During photosynthesis, the expansion of O 2 concentration in the environment permanently grew while that of CO 2 dropped. When they reached values limiting physiological boundaries of life, the changes ceased and the CO 2 /O 2 ratio became stable. This state does correspond to ecological compensation point. In terms of global photosynthesis, it means that all biomass, produced by photosynthesis, is oxidized in numerous processes of respiration, microbial and chemical oxidation in sediments. It happened when photosynthesis had spread over the whole land. The last splash of oxygen in the atmosphere occurred in the Miocene.
Prior to this moment, the excess of photosynthesis production was accumulated in sediments as a buried organic carbon. Thus, the process of organic carbon accumulation in sediments went on from the origin of photosynthesis up to the ecological compensation point.
On achieving the ecological compensation point, further accumulation of buried organic carbon has ceased. The amount of organic matter and its derivatives in sediments became stationary. It means that the amount of oils generated by source rocks also stabilized.
It should be underlined that the isotope techniques now are a powerful instrument of examination of the processes in the past. It became possible since in many cases carbon isotopic discrepancies remain unchangeable and preserve its memory about the processes. Among them, carbon isotope technique is of special interest. In accordance with actualism principle, carbon isotopic difference between carbonate and coeval organic matter (ε parameter) is the analog of 13 C isotope discrimination in modern plants, while ε parameter is a function of CO 2 / O 2 ratio in the environment. Moreover, the above isotopic differences are the most widely used data in geology studies. The established changes of the CO 2 /O 2 ratio, found by means of carbon isotope data, reflect many events of evolution of the atmosphere, climate, and other coupled phenomena in the biosphere. Combining this technique with adequate carbon cycle model, researchers obtain a very delicate tool to study various phenomena in the past, including evolution itself. Very interesting and important results can be obtained in combination of isotopic techniques of different elements.
